Introduction
[2] The Burmese arc forms the eastern margin of the Indian plate where the Indian lithospheric slab is subducted eastward beneath the Burmese plate [Ni et al., 1989] . The region has been an active subduction zone as demonstrated by the prominent N-S trending Indo-Burman ranges ( Figure 1 ) and also seismicity trends down to a depth of about 140 km, that clearly delineate a dipping slab [Le Dain et al., 1984; Ni et al., 1989] . The Cenozoic history of the India-Eurasia plate kinematics has been described [e.g., Karig et al., 1979] based on magnetic anomaly patterns in the Indian Ocean and numerical modeling of plate kinematics. It is inferred that initially the subduction of the Indian oceanic lithosphere during Early Eocene ($51 Ma) was very fast and subsequently progressed in various phases with considerably reduced velocities. The Burmese arc migrated westward with a clockwise rotation of the Sunda block until recent times [Karig et al., 1979] , resulting in a NS trend of the arc, at present (Figure 1) .
[3] The current tectonics of the Indian lithospheric slab beneath the Burmese plate has been an intriguing issue. While the presence of a subducted slab in the Burmese arc is undisputed, the continuance of subduction at present in the eastward down-dip direction has been debated. Based on down-dip trending T-axis orientations, Satyabala [1998] inferred an active subduction even at present. Focal mechanism studies, however, indicate a compressive stress in the NNE direction, rather than in the down-dip direction, suggesting that the subduction either continues relatively aseismically, or may have stopped recently [Le Dain et al., 1984; Ni et al., 1989; Chen and Molnar, 1990] . Based on a distinct segregation of strike slip and reverse fault earthquakes in the upper (0-90 km) and lower (>90 km) parts of the slab respectively, along with a predominance of NNE oriented P axis trends, it was inferred that the Indian plate along with its subducted slab in the east shears NNE past the Burmese plate [Kumar and Rao, 1995; Rao and Kumar, 1999] . Recent GPS measurements in Myanmar [Vigny et al., 2003 ] is also supportive of this idea, with at least 10 mm/yr of India-Sundaland motion estimated to be accommodated as right-lateral strike-slip along the India-Burma plate boundary.
[4] However, the issue of whether the strike-slip events in the 0 -90 km range on the Indian slab in the Burmese arc are inter-plate or intra-plate is not quite clear. Further, the absence of earthquakes with reverse fault mechanisms in the shallow depth range is rather surprising, as is their restriction entirely to the lower (90 -140 km) part of the slab. In the present study inversion of focal mechanism data to infer the principal stress vector orientations in the Burmese arc region provides a new insight into this problem. A tectonic model is proposed that explains the reverse faulting mechanism observed in the lower part of the subducted slab, which is in agreement with the highresolution images from global travel time tomographic studies in this region [Bijwaard et al., 1998 ].
Stress Inversion of Focal Mechanism Data
[5] In the present study, 60 focal mechanism solutions from the Harvard CMT database for earthquakes that occurred in the Burmese arc region during 1977 to 2003 (Figure 1) , and are in the magnitude range of about 4.5 to 6.5 have been used for stress inversion. The study is confined only to the events lying within the subducted slab. It is found that 36 events lie in the 0 -90 km depth range, and are predominantly of strike-slip type mechanism, with a few normal type solutions, while 24 events lie in the 90-140 km depth range and are exclusively of reverse fault mechanism. The inversion is carried out separately for the two depth ranges in view of the distinct segregation of focal mechanisms, earlier discussed by Kumar and Rao [1995] . Revised hypocentral data of Engdahl et al. [1998] was used to ensure proper segregation of the focal mechanisms in depth.
[6] The focal mechanisms are inverted using the linear Least Squares inversion approach of Michael [1984 Michael [ , 1987 to obtain the best fitting compressive (s 1 ), intermediate (s 2 ) and tensile (s 3 ) stress field vectors. The inversion method provides the option of using both the planes or selecting a single plane of each focal mechanism in case of a priori knowledge of the true fault plane. In this study we seek valid criteria for selection of a set of single planes, separately for the upper and lower parts of the slab. For the upper (0 -90 km) part we use various criteria, like shallow dipping, steeply dipping, left-lateral and right lateral strikeslip planes. Similarly, for the reverse fault earthquakes in the lower (90 -140 km) part of the slab we use a set of single planes with the criteria of shallow dipping, steeply dipping, westward dipping and eastward dipping fault planes. We also use the double plane option for each part of the slab, to avoid possible errors due to wrong selection criteria in the single plane option. The uncertainty of the results are tested by using the standard Bootstrap technique, where inversion is carried out with 2000 resamples to get a 95% confidence region for each of the 3 vectors.
[7] The results of stress inversion are found to be very similar for the double plane as well as the single plane inversion approaches for the different criteria listed above. However, the scatter of uncertainty is quite different in each case. The best results adjudged by minimum scatter, are invariably obtained for the single plane option -shallow dipping fault planes for the upper part, and steeply dipping fault planes for the lower part. The orientations of the s 1 , s 2 and s 3 vectors for each part, obtained in terms of the azimuth and dip angles (Table 1) indicate that a distinct stress pattern exists for the upper and lower parts of the subducted slab. In the upper part (0 -90 km), it can be seen that the 3 vectors are well resolved with a NNE orientated s 1 axis and an ESE oriented s 3 axis (Figure 2a ). This corresponds well with the ambient tectonic stress field of the Indian plate region. In the lower part (90 -140 km), however, there seems to be no preferred s 1 or s 2 orientations, while the s 3 axis with an EW trend is extremely well resolved (Figure 2b) . In other words, the stress field in the Figure 1 . A topographic map of the Burmese arc region depicting the Indo-Burman ranges along with the focal mechanism solutions from Harvard CMT catalog (1977 -2003) corresponding to the subducted Indian lithospheric slab in the 0 -90 km (gray) and 90-140 km (black) depth ranges. Figure 2 . Results of stress inversion of focal mechanism data along the Indian lithospheric slab in the Burmese arc, using the linear Least Squares approach of Michael [1984 Michael [ , 1987 . The inferred principle compressive (s 1 ), intermediate (s 2 ) and tensile (s 3 ) stress axis orientations in a lower hemispheric projection are indicated, corresponding to data in the (a) 0 -90 km and (b) 90-140 km depth ranges. The bold numbers indicate the final results of inversion while the smaller scattered ones define the 95% confidence regions of the model parameters obtained from the Bootstrap technique.
lower part, unlike the upper part, is well defined and fixed only along the s 3 direction. Interestingly, there is a clear jump of about 43°in the plunge of the s 3 axis from the upper to the lower part. From the above, it is inferred that while the upper part of the slab is governed by the compressive stress field due to the Indian plate motion, the lower part is governed only by the tensile slab pull forces due to gravitational loading on the subducted lithosphere. The lack of a preferred orientation of the s 1 or s 2 axes, coupled with a well resolved s 3 axis in the lower part of the slab, is a good indicator of the governance of gravitational forces rather than the horizontal plate tectonic forces [Sperner et al., 2001] .
Slab Tectonics of the Burmese Arc
[8] A global study of travel times by Bijwaard et al. [1998] has provided high-resolution tomographic images of the earth's structure. An EW depth section across the Burmese arc, from Bijwaard et al. [1998, p. 30,071, Figure 11b ] indicates a steep eastward dipping slab overturned at the 410 km discontinuity (here after referred as D410). This is suggestive of resistance to the subducting slab at D410, and appears quite unusual and unique to the Burmese arc. Most subducting slabs encounter resistance at the 660 km discontinuity (here after referred to as D660) but manage to penetrate D410. The D410 represents a density phase change with a positive Pressure/Temperature slope, facilitating sinking of a cold lithospheric slab, while the D660 with a negative slope inhibits and prevents penetration of the slab [Hamilton, 2003] .
[9] The unusual resistance coupled with the observed overturn of the slab against D410 in the Burmese arc, could possibly indicate (1) a highly viscous cold mantle beneath D410 (2) a very low density/low seismic velocity Indian lithospheric slab struggling to subduct, or (3) a very low rate of subduction/penetration. While case (1) lacks any clear evidence, case (2) is contradicted by the presence of a positive (1.5%) velocity anomaly that clearly delineates the Indian lithospheric slab [see Bijwaard et al., 1998, Figure 11b] . From the present study it appears that case (3) aided by gravitational loading on the slab, may be most pertinent in the case of the Burmese arc, as discussed below.
Discussion
[10] Reconstruction of the Cenozoic history of the IndiaEurasia plate kinematics [Karig et al., 1979] suggests a very fast ($18 cm/y) subduction of the Indian oceanic lithosphere during Early Eocene ($51 Ma). Most of the subducted Tethyan lithosphere seems to have been detached subsequently, as indicated by scattered pieces of the slab seen in the tomographic images down to the lower mantle level [Bijwaard et al., 1998; Fukao et al., 2001] . The remaining lithospheric stump would have continued the subduction with considerable, but relatively slowed down velocities during the Early Oligocene (Figure 3a) . Following a rapid westward migration of the Burmese arc from Early Eocene to the Present epoch, the trend of the arc would have gradually assumed a more NS direction [Karig et al., 1979, Figure 2] . Consequently, the resultant velocity component of the slab in the down-dip (eastward) direction would have considerably reduced, finally culminating in cessation of subduction in the recent times [Rao and Kumar, 1999] .
[11] Hydrodynamic modeling studies by Dvorkin et al. [1993] indicate that the slab width is a key parameter in deciding the stability of a slab. In the case of horizontally wide subducting slabs, the hydrodynamic suction or buoyancy is sufficient to balance the gravitational force. However, for narrow subducting slabs like the Burmese arc, sideways asthenospheric flow into the slab or the overriding plate corners effectively eliminates the suction or buoyancy resulting in rapid sinking of the slab. This, coupled with the very low rate of subduction, i.e. slow descending of the slab, would provide a significant velocity component in the direction away from the down-dip direction of the slab (Figure 3b) , resulting in an overturn as the slab approaches D410 (Figure 3c ).
[12] Hence it appears that rapid sinking coupled with a slow descent of the Indian slab has resulted in a resistance at D410 along with an overturn (Figure 3d ). The details of the mechanism would, however, depend upon several factors like thickness, width and age of the slab, and the viscosity of the mantle beneath. The proposed model configuration is also in agreement with the tomographic image obtained for the Burmese arc by Bijwaard et al. [1998] . Subsequently, with cessation of eastward subduction in the recent times, the overturned slab has experienced plate-motion-free, tensile slab-pull forces as it began to sink slowly under its own weight. This resulted in an attempted detachment of the slab directly beneath the lithospheric contact zone of the two plates, manifesting as reverse faulting on steep planes. This scenario looks like normal faulting or gravitational sliding with a difference that the footwall and the hanging wall slide towards rather than away from each other (Figure 3d ), manifesting as reverse faulting as seen in a map view. Davies and von Blanckenburg [1995] showed that for low subduction velocities of about 1 cm/yr the depth of detachment would also be shallow -between 50 and 120 km. This would explain the reverse fault earthquakes in the Indian slab below the 90 km depth level -probably the base of the lithospheric contact zone -as a phenomenon of attempted detachment or possible initiation of slab break-off. The dip angles of the steeper fault planes of the reverse type focal mechanisms show a fairly consistent trend when projected westward in a depth section (Figure 4) . The dip directions of these fault planes, however, have a wide azimuthal distribution, indicating slab detachment mostly in the southwestern and northwestern directions (Figure 4, inset) , but clearly away from the eastward slab dip direction, in agreement with the proposed detachment model (Figure 3d) . A similar mechanism of slab detachment is witnessed in the Western Carpathians, although with a different style involving a subduction roll back in a zipper-like process [Sperner et al., 2001] .
Conclusions
[13] 1. Stress inversion of focal mechanism data in the Burmese arc region indicates that the stress field in the upper (0 -90 km) part of the Indian slab is plate motion dependent, while the lower (90 -140 km) part is governed entirely by tensile slab pull forces.
[14] 2. Rapid sinking coupled with slow descending of the Indian lithospheric slab has resulted in an unusual overturn and resistance to penetration at D410, as evidenced by results of seismic tomography.
[15] 3. A model of attempted slab detachment due to down-dip tensile forces is proposed, that explains the reverse faulting on steeply dipping fault planes at the base of the lithospheric contact zone. 
